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SUMMARY 
This r e p o r t  r ep resen t s  t h e  f i n a l  r e p o r t  on work c a r r i e d  
o u t  under Grant NGL 34-002-047 during t h e  per iod ending 
June 30, 1971. The r e p o r t  dea l s  with the  electromagnet ic  
f i e l d  s t r u c t u r e  of t h e  fence guide f o r  f requencies  between 
1 2  and 18  GHz. The study was c a r r i e d  o u t  by Robert A. Kra f t  
under t h e  d i r e c t i o n  of D r .  Frederick J. Tischer  a s  d i s s e r -  
t a t i o n  research f o r  the  degree of  Master of  Science a t  t h e  
North Carol ina State Univers i ty ,  Raleigh, North Carolina.  
ABSTRACT 
KRAFT, ROBERT ALLEN. Electromagnetic F ie ld  S t r u c t u r e  
of t h e  Fence Guide. (Under t h e  d i r e c t i o n  of FREDERICK 
JOSEPH TISCHER) . 
An evalua t ion  of t h e  propagation c h a r a c t e r i s t i c s  
of t h e  fence guide i s  made using d a t a  obtained from 
f i e l d  measurements. Changes of these  propagation 
c h a r a c t e r i s t i c s  caused by d i e l e c t r i c  loading  a r e  
inves t iga ted .  Two prototype guides with severa l  
loading conf igura t ions  were s tudied .  A new technique 
i n  automated f ie ld-probe measurements i s  used t o  
obta in  very accura te  f  i e l d - d i s t r i b u t i o n  p l o t s .  
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1. INTRODUCTION 
There a r e  considerable  d i f f i c u l t i e s  encountered i n  
t h e  t ransmission of mi l l ime te r  waves. Due t o  hiqh 
a t t enua t ion  and low power handl ing c a p a b i l i t i e s  of 
conventional r ec tangu la r  waveguides a t  mi l l imeter  wave 
frequencies  it has become necessary t o  i n v e s t i g a t e  t h e  
p r o p e r t i e s  o f  non-conventional waveguide s t r u c t u r e s  . 
The fence guide i s  one such non-conventional s t r u c t u r e  
t h a t  seems t o  o f f e r  improvements over  t h e  conventional 
guides.  The fence guide i s  an H-type s t r u c t u r e  which 
o f f e r s  simple f a b r i c a t i o n  and use of  t h e  H-guide 
s t r u c t u r e  o f f e r s  improvements such as  reduced 
a t t enua t ion .  
Inves t iga t ion  of t h e  fence guide was c a r r i e d  o u t  
a t  35 GHz. This i n v e s t i g a t i o n  d e a l s  with t h e  p r o p e r t i e s  
of t h e  fence guide a t  a lower frequency (12-18 G H z . )  
where some of  t h e  problems encountered i n  t h e  previous 
measurements could be el iminated.  This i n v e s t i g a t i o n  
was a l s o  concerned with the  fence-guide c h a r a c t e r i s t i c s  
when t h e  guide was loaded wi th  a d d i t i o n a l  d i e l e c t r i c s .  
LITERATURE SURVEY 
2 . 1  In t roduct ion  
The concept of fence guides f i n d s  i t s  o r i g i n  i n  
H-guides and reac t ive-wal l  waveguides. An H-guide i s  
an open type waveguide, with a c ross-sec t ional  form 
of an H. The H-guide e s s e n t i a l l y  c o n s i s t s  of two 
p a r a l l e l  conducting p l a t e s  separa ted  by a d i e l e c t r i c  
s t r i p .  Apart from being a simple s t r u c t u r e ,  H-guides 
have the  property t h a t  t h e  a t t enua t ion  decreases  with 
inc reas ing  frequency. A fence guide i s  an H-guide 
wi th  t h e  p a r a l l e l  conducting p l a t e s  replaced by 
r e a c t i v e  wire  g r i d s  ( f ence ) .  The p o s s i b i l i t y  of 
s i m p l i f i e d  f a b r i c a t i o n  and design of  c i r c u i t r y  a t  high 
f requencies  prompted f u r t h e r  i n v e s t i g a t i o n s  of the  fence 
guide s t r u c t u r e s  . 
TiscHer (1953) proposed the  H-guide and l a t e r  i t s  
theory of  opera t ion  inc luding  the  computation of 
surrounding f i e l d s .  From t h i s  work he found t h a t  the  
a t t enua t ion ,  lower than i n  r ec tangu la r  o r  c i r c u l a r  
waveguides, decreased continuously wi th  inc reas ing  
frequency. Fur ther  study by Tischer  (1956) showed t h a t  
t h e  c ross - sec t iona l  d i s t r i b u t i o n  of t h e  dens i ty  of t h e  
energy flow can be manipulated, wi th in  c e r t a i n  l i m i t s ,  
by proper  dimensioning of  t h e  H-guide. I n  s t i l l  
f u r t h e r  work, Tischer  (1958) i n v e s t i g a t e d ,  both 
t h e o r e t i c a l l y  and experimental ly ,  wave propagation i n  
modified H-guides, i n  laminated H-guides, and i n  groove 
guides a t  both X-band and i n  mi l l ime te r  bands. He 
s p e c i f i c a l l y  considered l o s s e s  due t o  r a d i a t i o n ,  
conduction, and d i e l e c t r i c ,  
I n  1959, Griemsmann and Birenbaum experimenting 
wi th  H-guides and a  foam d i e l e c t r i c  ( d i e l e c t r i c  cons tant  
1.03) , repor ted  an a t t enua t ion  of 1.05 dB/meter a t  a  
frequency of 50 GHz. They a l s o  proposed some prel imi-  
nary conf igura t ions  for components and instruments  
f o r  H-guides including:  bends, couplers ,  and s tanding  
wave de tec to r s .  Tischer  (1959) a l s o  conducted exper i -  
mental i n v e s t i g a t i o n s  of H-guides and a  laminated- 
d i e l e c t r i c  guide, and i n  1969 he presented a more 
genera l  t reatment  of t h i s  type of  guide. I n  t h i s  
t rea tment  he found t h a t  by us ing  a laminated d i e l e c t r i c ,  
d i e l e c t r i c  l o s s e s  could be f u r t h e r  reduced. By 
reducing t h e  d i e l e c t r i c  l o s s e s  a t t enua t ion  i s  made 
l e s s .  
2 . 3  Wire Grids 
I n  r e c e n t  yea r s  Macf a r l ane  ( 1 9 4 6 )  s tud ied  impedance 
p r o p e r t i  e s  of i n f i n i t e  plane g r i d s  of p a r a l l  e l  equi- 
d i s t a n t  c i r c u l a r  wires .  He consi  dered t h e  r ad ius  of 
t h e  wire  t o  be much smal ler  than t h e  wire  spacing. 
Lewis and Casey (1952) , i n  analysing g r a t i n g s  of 
4 
r e s i s t i v e  wires ,  s tud ied  t h e  e f f e c t  of r e s i s t i v i t y  on 
r e f l e c t i o n  and transmission. Wait (1954) s t u d i  ed t h e  
problem, of  p a r a l l e l  wire  g r i d s  f o r  a  plane wave 
i n c i d e n t  obl iquely  with a r b i t r a r y  p o l a r i z a t i o n ,  using 
quas i - s t a t iona ry  methods. 
A l l  the s t u d i e s  of  t h e  fences were made using t h e  
assumption t h a t  t h e  r ad ius  of the  wire  was much l e s s  
than t h e  spacing. Inves t iga t ion  of t h e  p r o p e r t i e s  of 
s i l v e r  p l a t e d  g r i d s  and b rass  wire  g r i d s  were made by 
Duncan and Tischer  (1968) f o r  moderately spaced g r i d s  
a t  X-band. For dense wire  g r i d s ,  as  used i n  fence 
guides,  t h e  above t reatment  y i e l d s  erroneous and 
u n r e a l i s t i c  r e s u l t s .  Fur ther  s t u d i e s  of the  charac ter -  
i s t i c s  of dense w i r e  g r i d s  were made by Tischer  (1970) 
and a  modified su r face  impedance formula was proposed. 
2.4 Fence Guide 
The fence guide,  o r i g i n a l l y  proposed by Tischer  
(1968),  i s  a  react ive-wall  waveguide i n  t h e  H-guide 
conf igura t ion .  The mode ana lys i s  and f i e l d  d i s t r i -  
but ion  was s tud ied  using t h e  d i r e c t  f i e l d  approach. 
Fences of m e t a l l i c  s t r i p s  were a l s o  considered, 
however, because of ease  of  f a b r i c a t i o n  wire  g r i d s  were 
Duncan & Tischer ,  Progress Report Grant NGR 
34-002-047/S1 October 15,  1968. N.C,State 
University.  
Tischer ,  Progress  Report Grant NGL 34-002-047 June 15 ,  
1970. N.C. S t a t e  Universi ty ,  
prefer red .  The a n a l y s i s  of t h e  fence guide was expanded 
by Tischer  (1968), t o  inc lude  t h e  l o s s e s  i n  t h e  r e a c t i v e  
wa l l s .  I n  t h i s  a n a l y s i s ,  a t t e n u a t i o n  and phase f a c t o r s  
were derived. Preliminary measurements were made t o  
v e r i f y  t h e  t h e o r e t i c a l  computations and r e l a t i v e l y  high 
values of a t t enua t ion  were observed. By lowering t h e  
propagation cons tan t  kZ ,  a t tempts  were made t o  reduce 
guide l o s s e s  through d i e l e c t r i c  loading. 
An experimental  s tudy of t h e  f i e l d  d i s t r i b u t i o n  
about t h e  fence guide was made by Kraf t  and Summerlin 
(1970). This s tudy was made a t  a frequency of 35 GHz 
and included an a n a l y s i s  of s e v e r a l  types of measure- 
ment probes. Fur the r  f i e l d  measurements and compara- 
t i v e  s t u d i e s  were c a r r i e d  o u t  by Agarwal and Tischer  
(1970) on fence guides with s l i g h t l y  d i f f e r e n t  pos t  
spacings.  They a l s o  s tud ied  t h e  e f f e c t s  of d i e l e c t r i c  
loading on t h e  Q-value of the  fence guide resonators .  
Tischer ,  1968. Progress Report Grant NGR 
34-002-47/S1 Ju ly  30, 1968. N.C.State 
Univers i ty .  
Tischer ,  1968. Progress  Report Grant NGR 
34-002-047/S1 October 15, 1968. N.C. S t a t e  
University.  
Kra f t  & Summerlin. Progress Report Grant NGL 
34-002-047 February 15, 1970. N.C. S t a t e  
Universi ty .  
Agarwal & Tischer.  Progress Reports Grant NGL 
34-002-047 June 15, 1970 and October 15 ,  1970. 
N.C.State Universi ty .  
3. EXPERIMENTAL MEASUREMENT TECHNIQUES 
3.1 In t roduct ion  
An experimental  s tudy of t h e  fence guide was 
c a r r i e d  o u t  i n  t h e  KU-Band (12-18 GHz.) frequency 
range f o r  s e v e r a l  reasons: (1) ease  of prototype 
f a b r i c a t i o n ,  ( 2 )  increased  measurement accuracy, 
and (3)  b e t t e r  probe-to-wavelength r a t i o .  
With t h e  manufacturing f a c i l i t i e s  a v a i l a b l e ,  
f a b r i c a t i o n  of fence guides f o r  high frequencies  was 
a problem. Kraf t (1970) encountered these  problems 
when designing a prototype s e c t i o n  of t h e  fence guide 
f o r  measurements a t  35 GHz. He found t h a t  f o r  t h e  
separa t ion  of wires  t o  be used, t h e  d r i l l i n g  of  the  
p o s t  holes  i n  t h e  d i e l e c t r i c  caused t h e  d i e l e c t r i c  
t o  become f r a g i l e .  He a l s o  found t h a t  p o s t  alignment 
was d i f f i c u l t  t o  obta in .  
Another reason was t he  f a c t  t h a t  measurement 
accuracy i n  general  inc reases  a t  lower frequency 
because of  more developed, r e a d i l y  a v a i l a b l e  measure- 
ment equipment. 
The g r e a t e s t  advantage of  a lower frequency i s  
the  probe s i z e .  The r a t i o  o f  probe s f  ze t o  wavelength 
can be made much smaller .  This causes much l e s s  f i e l d  
d i s t o r t i o n  and thus more rep resen ta t ive  measurements 
of the f i e l d s .  Even a t  Ku-Band frequencies  probe 

I n  a i r :  
a k2 jEzo x z - axx - jkZz 
E: = 2 cos (k y] e  
oiy + kZ)  Y 
The b a s i c  s t r u c t u r e  i s  i l l u s t r a t e d  i n  Figure 3.1, The 
physical  s i z e  of  the  fence guide makes operat ion below 
12 GHz ( cu to f f  f requency) ,  except ing s p e c i a l  appl ica-  
t i o n s ,  imprac t i ca l ,  (See s e c t i o n  3.2.2 f o r  d9mensionsI 
smal ler  dimensions imply a  higher  cu to f f  frequency.) 
3.2,2 Actual Prototype 
The a c t u a l  fence guide s e c t i o n  (Figure 3,3) i s  b u i l t  
on a  p iece  of  d i e l e c t r i c  (1422 Rexoli te ,  American Enka 
Corp.) with wa l l s  of t h e  guide made of p a r a l l e l  rows of 
s i l v e r  p l a t e d  b r a s s  pos ts .  Photographs of t h e  a c t u a l  
measurement se tup  and closeups of  t h e  prototype sec t ion  
a r e  shown i n  Figure 3,4 t o  3.8. Two fence guide p ro to types  
were f a b r i c a t e d  f o r  t h i s  experiment. They a r e  i d e n t i c a l  
except  f o r  t h e  cen te r  t o  cen te r  spacing of t h e  pos t s .  
The c e n t e r  t o  cen te r  spacing of one sec t ion  was twice 
Figure  3bI  Basic fenceguide and coordinate system. 
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Figure 3.2 F i e l d  d i s tr ibut ion  'in fence . . cfuide. (a) F i e l d  components r 
I 
(b) E x *  
( c )  Hz. 
, 
, 1 -  (d l .  H* ' 8 .  
dimensions i n  crn unless  otherw 
i n d i  ca ted  
Figure 3 , 3  Dimensions of prototype guide. (Note t h a t  
dimensions of both auides  a r e  i d e n t i c a l  
- except  f o r  pos t  spacing)  
I 1 
Figure 3 , 3 ~  Cross sec t ions  of t e s t e d  guide 
( a )  bas ic -  fence guide (c) c e n t r a l  d i e l e c t r i c  
(b) 2x1/16 d i  e l e c t r i c  l o a d i  ng 
loading (d) laminated guide 
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t h a t  of t h e  o t h e r  sec t ion .  See Figure 3 . 3  f o r  t h e  exac t  
dimensions. 
The c h a r a c t e r i s t i c s  of each guide w e r e  observed 
with severa l  d i f f e r e n t  d i e l e c t r i c  i n s e r t  conf igura t ions .  
See Figure 3 . 3 A  f o r  d e s c r i p t i o n  of physical  dfmensions 
of t h e  i n s e r t s .  These f n s e r t s  were placed on both s i d e s  
of the c e n t e r  d i e l e c t r i c  s l a b  t o  determine t h e i r  e f f e c t s  
on the  f i e l d s .  I t  has been shown theore t f  c a l l y ,  Tischer  
(19701, t h a t  t h e  exponent ia l  decay i n  t h e  x d i r e c t i o n  
should inc rease  with d i e l e c t r i c  loading. Three types  of 
i n s e r t s  were used f o r  loading  and t h e  measurements were 
compared t o  t h e  empty guide s e c t i o n .  
The fence-guide conf igura t ions  used were a s  follows: 
(1) guide with widely spaced pos t s ,  no i n s e r t s ,  (2)  
guide with c lose ly  spaced p o s t s ,  no i n s e r t s ,  ( 3 )  guide 
wi th  widely spaced pos t s  and 1 / 1 6 "  d i e l e c t r i c  i n s e r t s  on 
each s i d e  of  main d i e l e c t r i c ,  $ 4 )  gufde with c l o s e l y  
spaced pos t s  and 1/16" d i e l e c t r i c  i n s e r t s  on each s i d e  
of main d i e l e c t r i c ,  (5) widely,  and (6) c l o s e l y  spaced 
pos t s  with h a l f  round d i e l e c t r i c  i n s e r t s  on each s i d e  of  
main. d i e l e c t r i c ,  (7) widely,  and ( 8 )  c lose ly  spaced p o s t s  
with laminations.  These conf igura t ions  w i l l  h e r e a f t e r  
be empty, ( 3 )  wide 2xl/16, (4) narrow 2x1/16, (5 )  wide 
round, (6) narrow round, (7) wide laminated, and ( 8 )  
narrow laminated. 
a. '0' Scope 
b. Sweep generator  
c.  S l id ing  probe ca r r i age  
d. Prototype guide 
e. P l o t t e r  
f .  Probe 
Figure 3 . 4  General purpose measurement se tup 

3.3 Descript ion of Equipment 
3.3.1 General Tes t  Equipment 
A Hewlett Packard s i g n a l  sweep genera tor  provided 
a l eve led  sweep from 12,5-18 GHz. The sweep genera tor  
a l s o  provided t h e  s i g n a l  t h a t  was convenient f o r  Q-value 
measurements and a CW output ,  e i t h e r  modulated o r  un- 
modulated f o r  f i e l d  d i s t r i b u t i o n  measurements. A H e w l e t t  
Packard osc i l loscope  was used as  a monitor f o r  the  Q- 
value and mode d i s t r i b u t i o n  measurements and an X-Y 
P l o t t e r  was employed t o  make a permanent record of a l l  
t he  measurements, Deta i led  schematics f o r  d i f f e r e n t  
measurement se tups  w i l l  be  given i n  the  following 
sec t ions .  
3.3.2 Spec ia l  Equipment 
3.3.2.1' The Probe 
For accura te  measurements of t h e  f i e l d  i n t e n s i t y  
d i s t r i b u t i o n ,  t h e  following requ i  rements were made f o r  
t h e  probe: 
1. Any d i s t o r t i o n  of t h e  f i e l d s  by t h e  probe must 
n o t  s e r i o u s l y  a f f e c t  t h e  accuracy of t h e  measurements. 
2 .  Physical  f e a t u r e s  of  t h e  probe must be s m a l l  
enough t o  e s s e n t i a l l y  measure t h e  f i e l d  a t  a po in t .  
The type of  probe s e l e c t e d  f o r  measurements i n  the fence- 
guide descr ibed e a r l i e r  was t h e  capac i t ive  compensated 
dipole .  Resul ts  of Kra f t  and Sunmerlin (19701, show 
t h a t  t h e  c a p a c i t i v e  d ipo le  i s  b e t t e r  s u i t e d  f o r  these  
Solid- 
coax 
I I 
1 ' 1  I 
4'4 
compensating 
choke 
Figure8, 3.9 , . .. Probe dimensions (Scale 5; 1) 
l a  
measurements than t h e  o t h e r  probes ava i l ab le .  The probe 
dimensions a r e  given i n  Figure 3.9, and a closeup 
photograph is  shown i n  Figure 3,7.  
The probe i s  cons t ruc ted  of  minia ture  s o l i d -  
jacketed coaxia l  cable ,  with an o u t e r  conductor of 
copper, diameter 0.85 mm, and an i n n e r  conductor of  
s i l v e r ,  diameter 0.20 mm. The o u t e r  conductor i s  
s t r i p p e d  4 .0  mm exposing the  inner  conductor. The o u t e r  
conductor extends i n t o  a q u a r t e r  wavelength choke, whlfch 
a c t s  a s  an i n f i n i t e  impedance t o  waves t r a v e l i n g  up the 
feed l i n e .  
The ind iv idua l  probe c h a r a c t e r i s t i c s  a r e  determined 
by p l o t t i n g  t h e  r e l a t i v e  f i e l d  i n t e n s i t y  i n  f r o n t  of 
an open rec tangu la r  waveguide. [See Figures  3.10 t o  
3.13) . Figures 3.10 and 3.12 show probe leakage wi th  t h e  
choke and Figures  3.11 and 3.13 show probe leakage with- 
o u t  the  choke a t  the  frequencies  indica ted .  With t h e  
choke, t h e  leakage i s  15 dB down from t h e  maximum a t  
13.4 G H z .  and without  t h e  choke t h e  leakage is only 3 dB 
down. For 17 GHz.  wi th the.choke,  leakage i s  8-10 dB 
down and without  the  choke leakage i s  only 3-4 dB dawn. 
These measurements were taken a f t e r  the  choke had been 
pos i t ioned t o  g ive  t h e  l e a s t  leakage i n  t h e  middle of  
the  band, a t  15 G H z ,  A q u a r t e r  wave choke was used f o r  
t h e  15 G H z  range. 




3.3.2,2 Graphing Equipment and Techniques 
By t h e  use of a l i n e a r  t ransformer type 6 0  Hz 
funct ion  genera tor  it was poss ib le  t o  use t h e  p l o t t e r  f o r  
f i e l d  measurements, The t ransformer which has a cy l in-  
drica-1 form, has a rod which moves along t h e  t ransformer 
ax i s .  The ou tpu t  vol tage  of the  t ransformer i s  a l i n e a r  
funct ion  of the  p o s i t i o n  of t h e  rod. By cons t ruc t ion  
of an appropr ia te  holder ,  t h e  t ransformer,  a cy l inder  7" 
long and 1" i n  diameter with a core (rod) pos i t ioned 
along t h e  long i tud ina l  a x i s ,  can be used t o  r ep resen t  
probe movement i n  e i t h e r  t h e  X,Y, o r  Z d i r e c t i o n ,  s e e  
Figure 3.1. The l i n e a r  range f o r  t h e  t ransformer i s  2" .  
This range was extended t o  1 0  cm f o r  measurements i n  the  
Z d i r e c t i o n  by the  use of an i n c l i n e d  plane. 
3.4 Q-Value Measurement Techniques 
A swept-frequency method was used t o  f a c i l i t a t e  
measurements with continuous recording of  da ta .  The 
swept-frequency genera tor  i s  connected t o  t h e  inpu t  of 
t h e  prototype fence-guide sec t ion  through a p rec i s ion  
a t t enua to r .  The ou tpu t  s i g n a l  i s  measured a t  t h e  e x i t  
p o r t  of  t h e  s e c t i o n ,  The i n p u t  s i g n a l  i s  e s s e n t i a l l y  
independent o f  frequency due t o  t h e  s i g n a l  l e v e l i n g  sys- 
tem of  t h e  sweep o s c i l l a t o r .  The sweeping range A £  was 
equal  t o  50 MHz. The c i r c u i t  i s  shown i n  Figure 3.14, 
For some s e l e c t e d  mode t h e  des i red  frequency range was 
s e t  and t h e  p rec i s ion  a t t e n u a t o r  was ad jus ted  t o  some 
i n t e g e r  s e t t i n g .  With t h e  output  of t h e  cav i ty  connected 
N 
Figure 3-14 Test-bench setup for Q value and mode-distribution measurements. 
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t o  t h e  v e r t i c a l  inpu t  o f  t h e  p l o t t e r ,  and with the  same 
sawtooth s i g n a l  t h a t  was sweeping t h e  o s c i l l a t o r  connect- 
ed  t o  t h e  hor izon ta l  i n p u t  of  t h e  p l o t t e r ,  t h e  Q-curve 
was t r aced .  Then a d d i t i o n a l  3 dB of a t t enua t ion  was 
i n s e r t e d  by a d j u s t i n g  t h e  a t t e n u a t o r ,  and another  Q- 
curve was t r aced ,  A hor i zon ta l  l i n e  across  t h e  peak of 
t h e  second curve i n t e r s e c t s  t h e  f i r s t  curve a t  t h e  3 dB 
po in t s .  These 3 dB po in t s  r ep resen t  t h e  ha l f  power 
frequencies  of  t h e  mode. A s  t h e  Q-values f o r  t h e  fence- 
guide s e c t i o n  a r e  r e l a t i v e l y  high,  t h e  following 
equat ion w i l l  be  used t o  compute Q-values 
where f o  i s  t h e  resonant  frequency of t h e  mode and 
Af i s  the  frequency d i f f e r e n c e  between t h e  h a l f  power 
frequencies  . 
3.5 Mode D i s t r i b u t f  on Measurements 
The same measurement se tup  was used as  t h a t  f o r  
Q-value measurements except  t h a t  t h e  sweep frequency w a s  
over  t h e  whole band from 12.5-18 G H z .  The p l o t t e r  was 
connected i n  t h e  same way. During p l o t t i n g ,  t h e  sweeping 
speed was adjus ted  t o  1 0 0  seconds p e r  sweep t o  allow 
ample time f o r  t h e  p l o t t e r  t o  follow t h e  sharp Q m0de.s. 
Af te r  t h e  complete mode d i s t r i b u t i o n  was p l o t t e d  t h e  
resonant  f requencies  of each mode were checked and 
recorded. Mode frequencies  were measured with t h e  c a v i t y  
type frequency meter, 

3,6 F i e l d  Measurements 
With t h e  probe i n s e r t e d  i n t o  t h e  fence-guide f o r  
the  l o n g i t u d i n a l  f i e l d  d i s t r i b u t i o n  measurements t h e  
probe c a r r i a g e  w a s  moved i n  t h e  Z d i r e c t i o n .  Figure 
3 . 4  shows t h e  arrangement. The probe output  was 
coupled i n t o  a  r ec tangu la r  waveguide and, with t h e  
waveguide thus  excLted, t h i s  output  was de tec ted  by a  
c r y s t a l  d e t e c t o r ,  and s e n t  t o  t h e  osci ldoscope and t h e  
v e r t i c l e  inpu t  of  t h e  p l o t t e r .  The h o r i z o n t a l  i n p u t  
f o r  t h e  p l o t t e r  was taken from t h e  l i n e a r  t ransformer 
which has been descr ibed previously.  By ad jus t ing  the  
h o r i z o n t a l  ga in  of t h e  p l o t t e r  t h e  long i tud ina l  d i s t a n c e  
was c a l i b r a t e d  f o r  a des i red  s c a l i n g  f a c t o r  on the 
graphs. 
4, MEASUREMENTS 
4 . 1  In t roduct ion  
From t h e  d a t a  obta ined  by t h e  measurements t h e  
following c h a r a c t e r i s t i c  parameters were derived: 
kz,  B Z t  h g t  a Z ,  k and ax where Y '  
k Z  = longf tudina l  propagation cons tant ,  
13, = l ong i tud ina l  phase cons tan t  
h g  = guide wavelength, 
a~ = l ong i tud ina l  a t t enua t ion  f a c t o r ,  
k~ = t r ansver se  propagation cons tant  (y d i r . ) ,  
and ax = t r ansver se  a t t e n u a t f  on f ,ac tor  (x d i r e  ) . 
Secondary e f f e c t s  were a l s o  observed, such as  yagi- 
waves (wave forms t y p i c a l  f o r  t h e  wave propagation on 
yagi  antennas p resen t  when round d i e l e c t r i c  i n s e r t s  
were used), and probe loading. 
The measurements cons is ted  of  3 b a s i c  types:  
1) long i tud ina l  d i s t r i b u t i o n ,  
2 )  frequency d i s t r i b u t i o n  of modes, 
and 3 )  Q-value. 
Other observatfons such a s  f i . e ld  i n t e n s i t y  r a t i o s  of 
the  value i n s i d e  t o  t h e  value outs fde  of  t h e  fence,  
and t h e  e f f e c t s  of absorpt ion mate r i a l  on yagi-waves 
were a l s o  made. 
4.2 Longitudinal Charac ter i s  t i c s  
4.2.1 In t roduct ion  
From an ana lys i  s of t h e  measured ,Q-values, mode 
and long i tud ina l  d i  s t r i b u t i o n  measurements, t h e  
long i tud ina l  f i e l d  parameters (a,, 8,. A and k,) g  ' 
were found. The values of X were determined d i r e c t l y  
g 
from t h e  diagrams of t h e  long i tud ina l  f i e l d  d i s t r i b u -  
t i o n ,  Figure 4 .6  t o  4.20 and a l s o  from t h e  mode d i s -  
t r i b u t i o n  curves,  Figure 4.21 t o  4 .27  ( s e e  s e c t i o n  
3.5) .  By using these  values of A and t h e  r e l a t i o n s h i p  
g  
t h e  phase cons tant  8, was evaluated.  The method used 
f o r  ob ta in ing  a, i s  based on t h e  r e l a t i o n s h i p  between 
a, and the  Q-values. The method w i l l  be discyssed l a t e r .  
4.2.2 Determination of A 
By counting the  number of  maxima f o r  t h e  e n t i r e  
length  of t h e  guide. f o r  a  p a r t i c u l a r  resonant  mode t h e  
value of h can be determined by the  following equation: g  
- 
2( leng th  of shor ted  s e c t i o n  of guide)  
'g number of  h a l f  per iod v a r i a t i o n s  
. 
Guide wavelength, h may a l s o  be measured d i r e c t l y  $7 
from Figures 4 . 6  t o  4.20, with t h e  knowledge of t h e  
s c a l e  f a c t o r  ( 2  cm on graph equal  1 cm) . Figures 4 . 1  
and 4,2 i l l u s t r a t e  the  r e l a t i o n s h i p  between guide wave- 
l eng th  and frequency f o r  the  var ious conf igura t ions .  

4 .2 .3  Relat ionship of Q-value and a g 
A d i r e c t  measurement o f  a t t enua t ion  can be accom- 
p l i shed  by measuring t h e  power change p e r  u n i t  length.  
The power change can be measured by probes i n s e r t e d  i n t o  
a s e c t i o n  of guide. The probe, however, d i s t o r t s  t h e  
f i e l d  and introduces e r r o r s .  Measurements of t h e  Q-value 
of a shor ted  s e c t i o n  of waveguide a r e  n o t  hampered by 
these  d i f f i c u l t i e s .  For t h i s  reason t h i s  method was 
used. The Q-value can be r e l a t e d  simply t o  a t t enua t ion .  
Equations f o r  t h i s  purpose were developed f o r  H-guide by 
Adair (1970). The r e l a t i o n s h i p  w i l l  be used a s  an 
approximation f o r  fence-guides. The equat ion i s  
where 
C i s  a co r rec t ion  f a c t o r  given by 
Diagrams f o r  these  equat ions a r e  a v a i l a b l e  and were used 
f o r  the  evaluat ion.  
Adair & Tischer ,  Progress Report Grant NGL 34-002-04'7 
February 15 ,  1970. N. C. S t a t e  Universi ty .  
4.2.4 Evaluat ion of az 
To use t h e  information given i n  s e c t i o n  4,2,3, t h e  
f a c t o r s  of equat ion 4 . 1  must be  def ined f o r  each one of  
t h e  conf igura t ions  (Figure 3.31, Table 4.3 gives  t h e  
Q-values a v a i l a b l e  f o r  c e r t a i n  modes of  each configura- 
t i o n .  Figure 4,3 gives  t h e  co r rec t fon  f a c t o r  C f o r  t h e  
d i e l e c t r i c  used ( E r  = 2.53) as a  funct ion  of d/ho, where 
d i s  one-half cbf t h e  th ickness  of  t h e  d i e l e c t r i c  s l a b  
f o r  the  conf igura t ion  being used, 
The va lue  of  d  f o r  t h e  empty guide and t h e  2x1/16 
guide was simply taken t o  be  hg l f  of t h e  th ickness  of 
the  cen te r  d i e l e c t r i c  a s  defined. For t h e  laminated 
guide and f o r  t h e  guide with round i n s e r t s ,  approxima- 
t i o n s  were used. For t h e  laminated guide t h e  e x t r a  
d i e l e c t r i c  s t r i p s  were disregarded i n  t h e  c a l c u l a t i o n  
of d  because of t h e  s i m i l a r i t y  of t h e  laminated guide 
with the  empty gui  de ( see  F i  gure 4 . 1  o r  4.2) . The a rea  
of t h e  cross  sec t ion  of t h e  guide with t h e  ha l f  round 
i n s e r t s  was used t o  f i n d  an equ iva len t  d  ( see  Figure 3.2) 
t h a t  would produce an equal  rec tangular  a rea  with t h e  
width equal  t o  t h e  guide width. Values used f o r  d  a re  
given i n  Table 4 , l .  
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Table 4 . 1  Values o f  d for  i n s e r t  configurations.  
Configuration d 
Empty guide 0 . 7 9 3  mm 
2x1/16 i n s e r t s  2.381 mm 
Round i n s e r t s  3,682 mm 
Laminated guide 0 , 7 9 3  mm 
The tabulated values o f  ctZ f o r  many o f  the modes 
are given i n  Table 4 . 4 ,  
Table 4 . 2  Mode numbers and the i r  frequencies for the 
the configurations. 
Table 4.3 Q-Values 
Page intentionally left blank 
Table 4.4 Computed values o f  ocz i n  dB/cm 
r # 
mode wide wide wide wide narrow narrow narrow ?arrow 
empty 2x1/16 round lamin. empty 2x1/16 round lamin. 
L 
1 0  
11 
12 
1 3  00224 00107 6 0169 .O124 
14  .O1236 60120 e02257 l 01153 
1 5  ,01696 ,0230 
1 6  ,01474 ,0238 ,01198 l 013712 
r 
1 7  r0200 ,01302 ,0207 e0174 
1 8  bb237 ,01425 ,0138 ,0207 b01525 .O12O4 
1 9  * ' ,02076 .O2346 .O392 
20 
2 1  . ' 6031.34 ,604334 
' .  
0.02687 
22 ,0289 
23 .0245 
24 04495 
I 
, 25  i 04336- 
4.3 Evaluation of a 
One of t h e  c h a r a c t e r i s t i c s  of t h e  H-guide s t r u c t u r e  
i s  t h a t  t h e  f i e l d  i n t e n s i t i e s  decrease exponent ia l ly  
with t h e  d i s t ance  from the  d i e l e c t r i c  s l ab .  For wa l l s  
of seve ra l  wavelengths i n  he igh t  t h e  energy r a d i a t e d  
from t h e  upper and lower openings i s  neg l ig ib le .  The 
r e s u l t s  of measurements of  the  l o n g i t u d i n a l  f i e l d  
d i s t r i b u t i o n  as  recorded on t h e  XY p l o t t e r  a r e  i l l u s -  
t r a t e d  i n  Figures 4.6 through 4 . 2 0 .  Representat ive 
f i e l d  i n t e n s i t i e s  and depths- a r e  l a b e l l e d  on t h e  f igures .  
From t h e  curves of these  f i g u r e s  the  i n t e n s i t y  was 
p l o t t e d  fox each depth.  P l o t s  a r e  shown i n  Figures  4 , 4  
and 4.5. The b e s t  l i n e a r  curve was drawn through t h e  
d a t a  po in t s  (dash do t  l i n e ) ,  The s lope  of  t h i s  l i n e  i s  
t h e  exponent ial  f i e l d  decay ax i n  t h e  X d i r e c t i o n .  
This procedure was repeated f o r  each conf igura t ion ,  and 
the  values a r e  t abu la ted  i n  Table 4.5.  Since t h e  
f i e l d  decrease nea r  t h e  s l a b  i s  a f f e c t e d  by loading,  
d a t a  po in t s  f o r  the  n e a r - d i e l e c t r i c  region were 
disregarded f o r  t h e  determination of t h e  s lope.  
p.. 
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Table 4.5  ax f o r  var ious i n s e r t  conf igura t ions  
Configuration ax i n  dB/mm 
wide empty 
wide 2x1/16 
wide round 
wide 1amin.ated 
narrow empty 
narrow 2x1/16 
narrow round 
narrow. laminated 
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4 .4  Measurement of L a t e r a l  Leakage 
A s  an i n d i c a t i o n  of leakage through t h e  fence 
pos t s ,  measurements were made a t  two frequencies  f o r  
s i x  conf igura t ions .  Table 4 .6  summarizes the  r e s u l t s  
of these  measurements by g iv ing  t h e  r a t i o  of t h e  f i e l d  
i n t e n s i t i e s  i n  dB of  the  f i e l d  maximum i n s i d e  t h e  
guide a t  t h e  bottom c e n t e r  and t h e  maximum f i e l d  out-  
s i d e  the  fence,  bottom next  t o  the  fence. 
Figure 4 . 3 6  g ives  a  r ep resen ta t ive  p l o t  of  t h e  
t r ansverse  f i e l d  d i s t r i b u t i o n .  
Table 4 . 6  Energy Leakage 
"-.--- -.. -.-* 
Wide spac ing  Narrow spac ing  . 
---- .- A 
L 
Frequency Leakage Frequency Leakage 
r --- 
-- 
Empty A 14.65' GHz 36dB 1 6 . 8  GHz 3 5dB 1 5 . 3  28  . 1 6 . 1  44 
2 ~ 1 / 1 , 6  15.13 28 * 15.27 45 
16.15 25 1 5 . 8  37 
17.07 26  15.9 i 

5, SUMMARY 
Due t o  high a t t enua t ion  and low power handling 
capabi l i t y  of convent1 onal  r ec tangu la r  waveguide a t  
mi l l ime te r  wave frequencies  it has become necessary t o  
i n v e s t i g a t e  t h e  p r o p e r t i e s  of non-conventional wave- 
guide s t r u c t u r e s ,  The fence-guide i s  an H-type 
s t r u c t u r e  which o f f e r s  simple f a b r i c a t i o n  and use of 
the  H-guide s t r u c t u r e  o f f e r s  improvements such as  
reduced a t tenuat ion .  Inves t iga t ion  of the  fence-guide 
was c a r r i e d  o u t  a t  12-18 G H z ,  
The two prototype f ence-guides , with d i f f e r e n t  pos t  
spacing, were observed t o  have d i f f e r e n t  l o s s  charac ter -  
i s t i c s .  With increased  p o s t  spacing an inc rease  i n  
l o s s e s  w a s  observed. Mode d i s t r f b u t i o n  was wel l  def ined 
except  f o r  t h e  case of  c i r c u l a r  i n s e r t s ,  The c i r c u l a r  
i n s e r t  mode d i s t r i b u t i o n s  were too  crowded t o  be r.. neasured. 
The c h a r a c t e r i s t i c s  of t h e  laminated guide were s i m i l a r  
t o  t h e  empty fence guide except  f o r  the  Q-values which 
were genera l ly  h igher  f o r  t h e  laminated guide. 
The e f f e c t  of p o s t  spacing on exponent ial  decay of 
the  f i e l d s  was i n s i g n i f i c a n t ;  however, t h e  d i  e l e c t r i c  
loading  had some n o t i  ceable  e f f e c t .  The d i e l e c t r i c  
loading increased  t h e  r a t e  of exponent ial  decay, 
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